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IMPROVE THE QUALITY OF LIFE 


THE TECHNICAL DIMENSION 


SINCE 1946 
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February 20, 1947 -first animals into space (fruit flies) 

November 3, 1957 -first animal in orbit (the dogLaika) | -USSR, brig 2. it 
j rel 


August 19, 1960 -first plants and animals to return alive 
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April 12, 1961 —first human spaceflight Bare ee Vos oka ~ ly 


1969 -first Welding experiment in space — psovez 6. Ey at 

1971 — composite casting — Apollo 14 | a 
1973-1979 — Skylab Materials Proces 
1980-2000 — Spacelab, etc —Sh “ists ey 87) 
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April 23, 1971 — first space.gj : USSR’ Salyut 1 
February 19, 1986 —firg , 


November 20, 19¢ 


Largest man- ey USA, Europ Y e, 
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WHY SPACE? 


> Challenge for survival 
Innovative technologies 


~< & Opportunity for 
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it International Cooperation 


> Severe mass limitations 
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> Extreme environment: 
Taviralicomexe)(e| 


WAU > “Infinite” solar powe 


> Radiation 
> Long term exposure to reduced microgravity 
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MICROGRAVITY 


When the force of gravity is removed other forces (surface 
tension, capillary forces) become predominant and drive a 
different system dynamics 


Gravity is a physical parameter that together with pressure 
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when systems were studied, for example, at low temperatures. 
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A PHYSICIST’S VIEW .: 
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Temperature 


BENEFITS FOR MATERIAE SYSTEMS 


¢ No solute buildup 
e No sedimentation 
Ci \ oor) a\Vis\ous loyal 


Defect free 
Homogeneous Containerless processing 
Controlled, symmetric growth Free suspensions 


AN rel(eF-lalersMey mailto (=vsi(elaime)s Perfect spherical shape 
Sale| (om ale er(erelileya No wetting 


Higher resolution 


BENEFITS FOR EIFE SCIENCE 


Microgravity is evolutionarily novel and 
enables new understanding of living system: 
that can be used for medicine and biotech. 


Commercial biosciences and pharmaceutica 
| pt companies have flown experiments in space 
On eround § |nitial stage After adapted Immediately Be Tiecm la(-wikets0se 


E : ooo after return 
2 ai ate aca ata from space 


Response to gravity is complex. 
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useful ways, sometimes in ways that allow medical problems on 
Earth to be better studied. 


As biotech companies have found, novel environments offer novel 
biological responses useful for industry, medicine, and agriculture. 


MICROGRAVITY PER DISCIPLINE 


Fundamental Fluid Physics Material Science Combustion 
Physics ol (-Vivel= 


Test basic scientific Perfect shape Relationship: structure, — Ignition 
| theories (surface tension) properties, processing 

Thermodynamics Surface tension Production of alloys and Flame spreading 
driven flow composites 

Atomic physics Welding Dendrites Flame extinction 

Relativistic physics Dynamics of liquid Ceramics and glass Role of soot 
drops experiments formation 

Low-temperature Microfluidics Optical engineering Air flow, heat 

physics transfer 

Heat energy Dynamics of gases Containerless processing 


New forms of matter 


SUCCESSES: HIGH TRE EXAMPEES : 


Space Beads Polystyrene spheres 10 microns in 
diameter-calibration standard SRM 


1965 for NBS 


Bulk Metallic Hinges, sliders, frames, display frames, 

Glasses miniature camera case, phone cases, 
golf clubs, surgical tools, SIM eject tool 
for iPhone 
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Superior product in terms of 
(1) sphericity (2) narrowness of 
Size distribution (3) rigidity 


Helped develop BULK (vs thin) 
metallic glasses by acquiring 
understanding in microgravity 
underlying viscosity of this 
material. 


SUCCESSES 


Semiconductor 
crystals 


Thermal Diffusion 
Coefficients 


Capillary Flow 
Experiments 


HIG 


single crystal area 35mm 


Fabrication of low noise 
field effect transistors 
(FET’s), analog switch 
integrated circuits (LCS) 


Database of Soret 
coefficients for various 
mixtures 


Software for modeling of 
complex interface 
configurations. 

New rapid diagnostic for 
infant HIV for the 
developing world, 
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Microgravity-grown crystals have 

(1) increased single crystal size 

(2) suppressed impurities and defects 
(3) higher quality crystals 


Capturing the diffusive aspect of 
thermodiffusion (no convection) 


Capturing fluid and bubbles system 
dynamics as driven by capillary and 
Surface tension forces in microgravity (in 
the absence of buoyancy driven 
convection) has resulted in high 
performance, unique theoretical models. 


Microencapsulation 


Insulin crystals 


Bright Mark line of tissue site 
marker for accurate tumor 
diagnostic devices 
Chemo-FDA approved drugs 
contained in microcapsules 


(Clinical trials entered in 2012) for 


local (vs systemic) cancer 
chemotherapeutic treatment 


Slow absorption diabetic drug 
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Pharmaceutical drug and its 
Outer membrane form 
Spontaneously improving ease 
Of drug manufacturing and 
direct injection into tumoral 
tissue; controlled layering 
enables timed delivery of drug. 


Well ordered, high resolution 
crystals of the T3R3 insulin 
hexamer variant were 
produced in microgravity 
resulting in designing a stable 
form that dissolves at the right 
rate inside the body*®. 
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Standard cell culture in 1g 


Standard cell culture in ug 


MicroTumors 


Interferon 


3D cell 
cultures 


FDA approved Peg-Intron™, a 
pegylated alpha interferon 
formulation, for the treatment of 
chronic hepatitis C in January 
2001. 


39000 Rotating Wall 
Vessel/Bioreactor units. Synthecon 
is the manufacturer and distributer. 
Industry standard for 3D tissue 
Cultures (Cancer, organ disease, 
diabetes, aging) 


5 min. 5 min. 30 min. 


30 min. | 5 hours 5 hours 


STS-Microgravity experiments on alpha 
interferon, Intron A, for the first time 
provided Schering Plough Research 
Institute with large quantities of large, 
high quality crystals. This was a critical 
Stimulus that enabled the company to 
demonstrate the crystals’ suitability asa 
long lasting formulation, one of its goals. 


Inspired by characteristics of 
microgravity, the design minimizes shear 
and turbulence in the mixing process 
and produces superior 3-D cell and 
tissue cultures 
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ERM POTENTIAE: 


ZBLAN optical 
fibers 


3D tissue and 
tumor growth 


Zeolite crystals 


Field-Directed 
colloidal and 
nanoparticle self 
assemblies 
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Mid-IR lasers, Photonics, 
Thermal imaging, Sensing, 
Spectroscopy, Biomedical 
devices, telecom 


Growth of patient derived 
tumor Cultures for selection of 
chemotherapy drugs 


Catalysts, ion exchangers; 
absorbents/separation; 
hydrogen storage; “green” 
household products; 
Photocatalysts 


Magneto-rheological (MR) 
dampers for energy 
absorption (earthquake, 
automobiles, trucks) 
Electro-rheological (ER) fluids 
for haptic controllers and 
tactile displays in 
microelectronic devices 


Fibers made in microgravity would result in 
very low broadband attenuation (~100x 
better than currently used Si fibers) 


Size of tumors grown in microgravity ~10x 
larger+ than on ground and of higher tissue 
fidelity 


Growth of large, uniform, high- 
Quality/zeotypes ETS titanosilicate 
Crystals; reduced defect concentrations 
and types; attunement of chemical 
formulation, growth and chemical control 


Understanding of mechanisms of formation 
and dissolution of structures for rapid and 
reversible change of rheological 

properties. Studies in microgravity offer a 
unique Opportunity to interrogate the 
Structural evolution, pattern formation and 
aggregation dynamic of dipolar 
suspensions. 


Hollow 
bearings 


3D DNA DNA nanotechnology, DNA based 
computing 


Nanoclays 


Membrane 
proteins 


Ultra thin 
coatings 


NEXT GENERATION TE 


CHNOLOGIES: LOW RE 


Load-bearing machines with 
moving parts, tribology 


Polymer nanocomposites, 
flammability inhibitors, rheological 
modifiers, gas absorbents, liquid 
crystal displays, drug carriers 


Siudy of neural systems and 
diseases (Parkinson, Huntington, 
etc) 


Biocompatible coatings for 
implanted batteries, devices; 
Photovoltaic coatings; 
Manufacture of semiconductor 
components; Magnetic 
information storage systems; 
Photoresist microelectronics 


High sphericity, narrow size distribution, hollow; 
multimaterials, multilayered bearings; monolithic 


DNA self-assembly crystals to control inter- 
molecular contacts 


More uniform clay-polymer mixtures generated 
in the microgravity environment with reduced 
mixing time. 


Crystallization of membrane proteins with high 
resolution and clarity for engineering better 
ground counterparts. Current crystals on ground 
do not diffract 


In a Qravitational field the gravitational force 
acts parallel to the flow thereby creating shear 
stresses in the film and introducing 3D 
instabilities (Waves, ribs, streaks) that interfere 
with the manufactured device performance. In 
microgravity the surface tension forces and 
VISCOUS forces in the meniscus region would 
lead to smooth, uniform and highly accurate thin 


Growth Rate 


(Patents Per Year) 


Microgravity-Related Patents: 30 Year Growth Trend 
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==S Patents Per Year & Cumulative Parents =e== Growth Trend In Patents Per Year 
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Cumulative Patents Granted 


(30 Year) 


THE ECONOMIC DIMENSION 


COMMERCIAL MICROGRAVINY 
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New Materials Communications ®!°tech 
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Sth Vertical 


Consumer 
products 


6th Vertical 
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Pilot Line Commercialization | Market Entry 
€— Pre-iPO Gap——> 
€ Pre-Commercial Gap > 


TIER2 «= 3 
incubator ; CAPITAL 


Research 


10,000 


TIER 1 
~ Incubator 


GOVERNMENT 


0s 


ANGEL INVESTORS 


FINANCIAL INVESTMENT 
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COMMERCGIAE MICROGRAVITY 
& INVESTMENT OPPORTUNITIES 
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1 Top 100 early stage investments in the US (2014) 
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3D concept through combining: technology readiness, market need and 
investment risk 


Bridges between supply, demand and capital in a systematic, 
standardized manner. 


To advance on a Economic Readiness Level the technology itself may not 
necessarily need to mature but the understanding of its economic 
potential does. 


The ultimate goal of the TRL ts to mature a technology from 4a 
fundamentally new idea (research) to incorporation and efficient use 
into a system by optimizing a program’s performance, schedule and 
budget at key points of its life cycle. 


Commercializing a technology or “taking a technology to market” builds 
upon the alignment of the technological push with the business 
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Primarily Government Primarily Private Investors 


Some Private Investors 
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ERL 1 ERL 2 ERL 3 ERL 4 =3 > i) ERL 6 ERL 7 ERL 8 ERL 9 


IP, ol=Vahititexemce)e Microgravity Validated IpYAVZ-1 (0) 9) Proven Scale up Demonstrate Product 
(-Xefe)atolaal ie prototyping. prototype. itsteqayayierel| Fyer-1 F160) (=) hardware hardware. positive ROI manufactured fq 
Flare] Private sector Business passport. process for fo) Ce) Ko) aN, elem lare| Demonstrati Complete commercial 
market partners plan draft. Evaluation of manufacturing process in on of original utilization by 
value established. business operational complete business industrial partne 
assessed. plan. environment technology plan. w private secto 
capital 
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BASIC and APPLIED RESEARCH 


ECONOMIC READINESS EEVEE SUMMARY, 


ERL 1 


ERL 2 


ERL 3 


ERL 4 
ERL 5 


ERL 6 
ERL 7 
ERL 8 


ERL 9 


Ko{=)a\anaVmentcla.<-hemr-] ale m=xele)ole)oalcom elela=)plar-] im ohvaree)alcia aU led palen) ale 
scanning across current private sector verticals to identify 
eXela=)phar-]ime(siantelare 
Define dependencies and risks by creating a list of requirements 
through engaging with potential adopters for each vertical from 
the private sector and the investment community 
Define vertical specific infusion points and paths for each 
=] 0) ) kere] ake) a 
Review of dependencies by industry experts, investors and NASA 
Evaluation of use case and market to prioritize investments that 
address dependencies 
Demonstrate that selected dependencies have been solved 
Product successfully licensed or spin-off to the private sector 
Product manufactured for commercial utilization by an industry 
partner and available in the market place 

Technology is or contributes to a profitable product. ROI 
evaluation. 


THE MACHINERY OF COMMERGIALIZATION) © 
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ZBLAN =ZrF ,-BaF,-LaF3-AlF3-NaF 
¢ most stable fluoride exotic glass fiber 
¢« excellent host for doping 


¢ large reflectivity for short distance 
transmission 


broad optical transmission window 
extending into the IR with reduced loss 
up to x100-1000 better than current Si 
ibers 


ISSUE: 


Different density materials with different 
crystallization temperatures 


Gravity induced convection during pulling 
Limited monolithic length (max 700m) 


Microgravity suppresses nucleation and 
crystallization 


No limit of the fiber length produced in space 
Estimated ROI: 
lib of preform would produce 8 km ZBLAN 


fiber with a nominal are tal range on 
Earth: $175k/ km to $1,000k/ km ~ROI: 90-300x 
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‘Sermo minor, operor magis” 


Power Dissipation - Baseline vs. Processed 
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Baseline Versus Processed Wafers 


(OO) TS COLAO COKE SVAN BN A ={O) [SANS =|) [I O)DIUG (\AelLS” 


ransfer and scale advanced microgravit 
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SY dentify and start new lines of R&D 
nvestigations 


ERL 7, 9 Private Orbital 
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INNOVATION IOs, 


VORTEX 


Identify and invest in new 
commercially relevant discoveries- 
io) o)Cex-mm dal igmr-(olola-c-t-Mm lalelel-jaavamar-t-ref-) 
where microgravity provides a 


better solution than Earth-based ; 
options. , build trust, — sell, 


New Computers Biotech Medical Medical Consumer eve I 0 p mic rogravity bra n d 


Create new lines of investigations. pang eee Meee and build a_ rich 


Future 


Existing 


1* Vertical 2” Vertical 3" Vertical 4” Vertical 5” Vertical 6" Vertical 
20 Companies 15 Companies 15Companies 12Companies 10 Companies 17 Companies 


VERTICALS OF MICROGRAVITY 
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"Modern technology propelled by the forces of market and politics, has 
enhanced human power beyond anything Known or even dreamed of before. 
It is a power over matter, over life on earth, and over man himself...and It 
keeps growing at an accelerating pace. 


But lately, the other side of the triumphal advance has begun to show its 
face with palpable threats that seem hard to counter. 


The net total of these threats is the overtaxing of nature, environmental 
and perhaps human as well. Thresholds of processes initiated by us may be 
reached in one direction or another with points of no return.” 


-Hans J onas, “Ethics of Technology” 
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Problem / Need echnology as Consequences 
olution 


Food preservation, temperature 
control: nontoxic, nonflammable 


Destruction of crops, illness due to ynthetic 
"pests": agent to kill insects insecticides 


Energy for consumer and industry 
use: cheap and readily available 


Increased food supply: agent to aid |, ae 
crop growth a eutrophication 


Bain Macro Trends, 201134 


Space is a tapestry 


People who say it can not be done 
should not interrupt those who are 
already doing it. (Unclear) 


If we choose to support the explorers, the 
innovators, the dreamers 

We might find the stars are closer than we 
think 
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